Introduction
============

There are increasing researches supporting behavioral and psychological therapies for irritable bowel syndrome (IBS) symptom management. In 2 meta-analyses[@b1-jnm-22-102],[@b2-jnm-22-102] researchers reported that cognitively-focused therapies such as cognitive behavioral therapy (CBT), do better (ie, reduced gastrointestinal \[GI\] symptom distress, enhanced quality of life \[QOL\]) than usual care (UC) or wait-list control groups. However, implementation of CBT or psychotherapy for IBS is often challenged by access to qualified and trained health care providers and costs. These limitations support identifying patients who are most likely to benefit. For example, are there baseline symptoms or biologic factors that might predict who would benefit the most or the least from the addition of a cognitively-focused therapy?

There are several potential pathophysiological mechanisms that are likely to contribute to IBS symptoms and reduced QOL. These alterations include autonomic nervous system (ANS) imbalance,[@b3-jnm-22-102] hypothalamic-pituitary-adrenal axis (HPA) dysregulation,[@b4-jnm-22-102],[@b5-jnm-22-102] increased intestinal permeability,[@b6-jnm-22-102],[@b7-jnm-22-102] and immune dysregulation (ie, decreased tissue interleukin-10 \[IL-10\] level).[@b8-jnm-22-102] However, to date, no measures based on these mechanisms have proven robust enough to qualify as a valid biomarker for distinguishing patients with IBS from healthy individuals. In addition, it is unknown whether measures such as peripheral cytokine levels (reflection of immune status), intestinal permeability (indicative of a "leaky gut"), and/or heart rate variability (HRV, measure of the variability of the beat-to-beat interval) might help determine who would benefit from psychological therapies. It can be hypothesized that those with greater stress responsiveness (low HRV, high cortisol) may benefit more from approaches that are directed toward cognitions, stress reduction, and/or behavior change. In contrast, those with indicators of peripheral inflammation, immune dysregulation, or epithelial barrier disruption may benefit more from a different approach.

Indicators of ANS dysfunction, that is, low vagal tone and greater sympathetic drive, are more prevalent in individuals with IBS compared to healthy controls.[@b9-jnm-22-102] It is not possible to determine whether the ANS imbalance contributes directly to the pathophysiology or is the outcome of IBS (eg, result of chronic stress and suppression of vagal input). However, it has been shown that physical exercise, which increases HRV, does have positive benefit for IBS patients.[@b10-jnm-22-102] Elevated baseline cortisol levels (an indicator of the HPA) may be linked to conditions of chronic stress, hyperarousal, or conditioned fear such as that experienced by at least a subgroup of IBS patients. However, to date neither indicators of sympathovagal balance or HPA activity have been tested as potential predictors, along with psychological factors, of responsiveness to cognitively-focused therapies.

Researchers are also examining intestinal permeability, inflammation and immune function in IBS pathophysiology. Increased intestinal permeability is present in a subset of patients with IBS.[@b11-jnm-22-102] With regard to peripheral levels of cytokines inconsistent findings are noted. Several investigators have reported reduced levels of serum anti-inflammatory cytokine IL-10[@b12-jnm-22-102],[@b13-jnm-22-102] or no difference between those with IBS and controls.[@b14-jnm-22-102]

The aim of the current study is to determine whether measures such as nighttime ANS balance, lactulose/mannitol ratio (intestinal permeability measure), and serum IL-10, identified in the literature as potential markers in IBS, are predictive of outcomes with a cognitively-focused behavioral therapy. Based on the literature, we hypothesized that those IBS patients with lower HRV, higher salivary cortisol, and higher IL-10 levels would show greater improvement with an intervention combining CBT, diet counselling, and education.

Materials and Methods
=====================

Trial Design
------------

Our Nurse-delivered Comprehensive Symptom Management (CSM) intervention, described below, has been shown to be effective in 2 previous randomized trials.[@b15-jnm-22-102],[@b16-jnm-22-102] This report presents results from a third randomized trial of CSM (conducted 2008--2013), the primary goal of which was to test whether baseline biomarkers can predict treatment effectiveness.

A two-armed randomized controlled trial (RCT) with follow-up at 3 and 6 months post randomization was used to confirm the efficacy of CSM compared to UC control group in adults with IBS. The protocol for recruitment was similar to that used in 2 previously conducted RCTs.[@b15-jnm-22-102],[@b16-jnm-22-102] First, participants came to the research office to sign the consent form and return their completed questionnaires. Verbal and written directions were given for completing a symptom diary and collecting urine, saliva, and blood samples. Once the baseline assessment was completed the participant's eligibility was confirmed. If they chose to continue in the study they were randomized to CSM or UC. Those in the treatment group were scheduled for 8 weekly sessions. Follow-up outcome data were obtained from both groups at 3 and 6 months after randomization by a research nurse who was blind to treatment assignment. Participants were compensated for their time after each assessment. Biomarkers (blood sample, urine collection for permeability testing, and Holter recording) were performed within a 2-week period prior to randomization. The study was approved by the university institutional review board (2/11/2008) and reviewed annually. The study was registered with ClinicalTrials.gov (NCT00907790).

Participants
------------

### Recruitment and eligibility

As in our prior 2 trials, potential participants with IBS were recruited through general advertisement (flyers, newspapers, public radio, posters on city busses, and targeted mailings to GI clinic patients) in a metropolitan area in the Pacific Northwest (United States). Interested adults were screened over the phone. Eligibility was assessed across the 5-week baseline assessment (initial interview and 4-week diary). During the last 2 weeks of this assessment period, preselected candidate biomarkers were obtained. The criteria for inclusion specified men and women 18--70 years of age. In addition, participants had to have a history of IBS symptoms for at least 6 months prior to their IBS diagnosis and for at least 6 months after their diagnosis by a healthcare provider. They had to meet the Rome-III research criteria.[@b17-jnm-22-102] Adults age 50 or older had to have a negative colonoscopy, sigmoidoscopy, abdominal ultrasonography, or barium enema. Anyone with a "red flag" symptom (eg, lost 10 lbs without trying, blood in stool - except blood due to hemorrhoids) was referred to their healthcare provider for further evaluation (eg, colonoscopy).

Potential participants were excluded if they were taking the following medications: antibiotics, corticosteroids, daily use of anticholinergics, tricyclic antidepressants, calcium-channel blockers; had a medical history of abdominal surgery (except appendectomy, Cae-sarian section, tubal ligation, laparoscopic cholecystectomy, hysterectomy, or abdominal wall hernia repair); organic GI disease, celiac disease, or a moderate to severe pain condition (eg, low back pain and fibromyalgia); diabetes, current mental health disorders (psychosis, bipolar disorder, or moderate to severe depressive episodes, recent suicide attempt or drug or alcohol abuse or dependence); cardiac valve or conduction defects, immune-compromised disorders (eg, autoimmune conditions) or women who were pregnant, breast feeding, or planning to get pregnant in the next year ([Figure](#f1-jnm-22-102){ref-type="fig"}).

Interventions
-------------

The CSM intervention was delivered by a research nurse in 8 individual sessions lasting 60 minutes. Participants had 12 weeks to complete the series, thus allowing for personal and family unexpected events. Each person could choose to do all the sessions in-person, over the telephone or a mixture of in-person and telephone. An "IBS Managing Symptoms Workbook" was given to each participant as described in prior studies.[@b15-jnm-22-102],[@b18-jnm-22-102] The chapters included detailed information on each topic (eg, autogenic relaxation and identifying false beliefs), worksheets, and homework assignments for the following week. Audio tapes of assigned relaxation exercise were included ([Supplementary Table 1](#s1-jnm-22-102){ref-type="supplementary-material"}). Men and women in the UC group were notified that they would not receive the CSM intervention, but should continue with whatever treatment was recommended or provided by their usual healthcare provider. At the end of the study, the participants in the UC group were given the materials used in the CSM intervention.

Primary Outcomes
----------------

### Abdominal pain and Gastrointestinal Symptom Score

GI symptoms (abdominal pain, abdominal distension, bloating, constipation, diarrhea, intestinal gas, and urgency) were rated in a daily diary as not present (0), mild (1), moderate (2), severe (3), or very severe (4), each evening for 4 consecutive weeks.[@b15-jnm-22-102] Abdominal pain was summarized across days as the percent of days with abdominal pain/discomfort that was "moderate" to "very severe." A GI Symptom score was defined as the percent of days that at least one IBS symptom was "moderate" to "very severe."

### Quality of life

QOL was measured with the 42-item IBS quality of life questionnaire (IBSQOL).[@b19-jnm-22-102] The items were grouped into 9 scales: sleep, emotional, mental health beliefs, energy, physical functioning, diet, social role, physical role, and sexual relations. The items from each scale were rated for the past 4 weeks on a 5 or 6 point Likert scale. Extensive and acceptable validity and reliability tests have been conducted for the IBSQOL.[@b19-jnm-22-102] A summary QOL score was computed as the average of seven of these scales, excluding the diet scale (since identifying trigger foods as part of CSM may lead to increased food avoidance) and sexual relations scale (since many participants had missing values due to not being sexually active in the prior 4 weeks).

Secondary Outcomes
------------------

### Additional diary measures

Based on the daily diary, the individual GI symptoms of diarrhea, constipation, and urgency were analyzed. Two symptom scales were created: intestinal gas/bloating scale (abdominal distension, bloating, and intestinal gas) and psychological distress scale (anger, anxiety, depressed/sad or blue, and stressed). The symptoms were summarized as the percent of days rated as "moderate" to "very severe." The diary also included a question "How much did your IBS symptoms affect your ability to carry out normal daily activities, other than work?," which was summarized as the percent of days rated as "some," "quite a lot," or "very severe."

### Cognitive scale for functional bowel disorders

Cognitive scale for functional bowel disorders (CSFBD) describes 25 cognitive beliefs related to functional bowel disorders.[@b20-jnm-22-102] The items are rated from 1 "strongly disagree" to 7 "strongly agree," and are summed to make a total score.

Candidate Biomarkers
--------------------

### Heart rate variability

Ambulatory electrocardiogram Holter monitors were used to measure nighttime HRV spanning 12 or more hours. Burdick 6732 3-channel compact digital Holter recorders (Burdick Inc, Deer-field, WI, USA) were used, and the resulting records processed using Burdick Vision Premier Analysis software. Trained and cross-validated operators screened for misclassified artifact, ectopy, and apparent non-sinus rhythms. Standard 4 hour (2--6 AM) nocturnal frequency domain HRV summary measures were computed based on power spectral analysis of R-R intervals in successive 5 minute blocks.[@b21-jnm-22-102],[@b22-jnm-22-102] Low frequency (LF) band spectral power was defined as the average over 4 hours of the integration of the Fourier HRV spectra between frequencies f = 0.04 and f = 0.15 Hz (units = milliseconds^2^). Both the sympathetic and parasympathetic branches can contribute to the heart period fluctuation components measured in the LF band. The power (variance) in the high frequency (HF) band was estimated by integration of the HRV spectra between frequencies of f = 0.15 and f = 0.40 Hz. This band power is usually interpreted as an index of parasympathetic (vagal) modulation. The derived measure LF/HF ratio is usually interpreted as an index of sympathovagal balance between the branches. A relative increase in sympathetic branch activity, or a relative decrease of parasympathetic activity, or both, will result in an increase in the LF/HF ratio index. Since HRV measures are associated with age and body mass index (BMI),[@b23-jnm-22-102] regression equations were fit with HF power and LF/HF ratio as outcomes and age and BMI as covariates, and the residuals from these regressions were used as the two measures of HRV.

### Salivary cortisol

Saliva was obtained using a salivette (cotton/polypro plug). A radioimmunoassay (RIA) cortisol diagnostic kit was used (Diagnostic Products, Inc, Los Angeles, CA, USA). All assays are performed with duplicate samples and standards. The detection limit is 0.037 μg/dL to 1.0 μg/dL and there is low cross-reactivity with other steroids. Sensitivity range of the kit was 0.003 μg/dL to 2.5 μg/dL. The laboratory inter-assay coefficient of variability (CV) was 3.3%; intra-assay CV was 6.4%.

### Interleukin-10 production

A blood sample was collected in a sodium citrate CPT Vacutainer (Becton Dickinson, Franklin Lakes, NJ, USA). Peripheral blood mononuclear cells (PBMCs) were isolated and incubated for 72 hours.[@b11-jnm-22-102] The supernatant was stored at −70°C until tested for IL-10 using an ELISA assay (R&D Systems, Minneapolis, MN, USA). Samples were run in duplicate using the manufacturer's instructions. If the CV for a sample was higher than 15% the sample was rerun. The minimum detectable concentration for IL-10 was 3.9 pg/mL.

### Intestinal permeability testing

After the evening meal, participants fasted for 4 hours, urinated, then drank a 127.5 mL solution containing lactulose (5 g/dL) and mannitol (1 g/dL) followed by 240 mL water. For the next 24 hours, a plastic "hat" was placed over the toilet seat to capture the participant's urine. Each urine sample was placed into a container containing either thimerosal or chlorhexidine to inhibit bacterial growth. Samples were processed as previously described.[@b11-jnm-22-102] The CV in the assay is \< 5%. We defined a subgroup of IBS with increased intestinal permeability as those having a lactulose/mannitol ratio of \> 0.015.[@b11-jnm-22-102]

Randomization
-------------

A customized computer program was used for randomization in an adaptive manner that ensures the 2 groups remain fairly balanced with respect to: age, sex, baseline severity of abdominal pain, QOL, predominant stool pattern, and history of post-infectious IBS. The algorithm is a modification of the minimization method proposed by Pocock.[@b24-jnm-22-102],[@b25-jnm-22-102] Once the research nurse enrolled a participant and the project director entered the balancing variables, the program returned that participant's group assignment. Only the research nurse and project director were aware of the group assignment, the second research nurse who collected outcome data was blind to treatment assignment.

Statistical Methods
-------------------

The general approach for the statistical analysis is described in detail below for one of the primary outcomes.

Overall CSM treatment efficacy was tested by fitting a linear mixed model with abdominal pain at 3 and 6 months post-randomization as outcome measures, treatment group (CSM versus UC) as the factor of interest, and age, sex, follow-up occasion, and baseline abdominal pain as covariates. Additional analyses used Analysis of Covariance (ANCOVA) to test the effect of CSM separately at each follow-up time (3 and 6 months post-randomization).

For each of the potential biomarkers, participants were divided into two subgroups according to whether the baseline value of the biomarker was above or below a threshold. The thresholds for dichotomization of IL-10 production (250 pg/mL) and permeability as measured by lactulose/mannitol ratio (0.015) were based on previously published analyses that examined the relationship between baseline biomarker values and baseline symptoms and IBS impact measures.[@b11-jnm-22-102] Since HRV is strongly correlated with age and BMI, thresholds for HF and LF/HF ratio were applied to the residuals from linear regression models using age, sex and BMI to predict the 2 HRV measures. The residuals were initially split into thirds since there was no prior basis for determining thresholds, and then, based on initial analysis, the middle group was combined with one of the other 2 to make a one-third versus two-thirds split of the data. Thresholds for defining subgroups based on salivary cortisol were determined in a similar manner (ie, based on thirds).

For each of the candidate biomarkers a linear mixed model analysis model was fit using abdominal pain at 3 and 6 months post-randomization as outcome measures, and using treatment group, baseline biomarker, age, sex, baseline abdominal pain, and the interaction between treatment group and baseline biomarker as predictor variables. The interaction term tests whether treatment effect (ie, mean change in abdominal pain with CSM minus mean change in abdominal pain with UC) is different in the 2 biomarker-defined subgroups.

A potential confounding variable in these analyses is the baseline level of abdominal pain. The efficacy of CSM may well differ according to baseline abdominal pain. For example, if baseline abdominal pain is close to zero for a specific patient, that patient has little room for improvement in abdominal pain and hence one would not expect much benefit from the CSM intervention for the outcome measure of abdominal pain. In contrast, a patient with high baseline abdominal pain does have room for improvement and hence could potentially benefit from CSM. If such an interaction between treatment and baseline abdominal pain exists and if there is also a difference in baseline abdominal pain between the two biomarker-defined groups, this could confound the biomarker analyses. Therefore analyses of biomarker effect on CSM effectiveness also included as a covariate the interaction between baseline abdominal pain and treatment group, to control for this potential confounding.

Results
=======

As seen in the CONSORT ([Figure](#f1-jnm-22-102){ref-type="fig"}), 92 participants were randomized and outcome data were available on 85 participants. Demographics and clinical characteristics are described in [Table 1](#t1-jnm-22-102){ref-type="table"}. As expected in this randomized trial, most baseline characteristics did not differ between the 2 treatment groups. However, the percentage of Caucasian participants in CSM group (90%) was greater than that in UC group (65%). Baseline biomarkers did not vary between the 2 groups at baseline ([Table 1](#t1-jnm-22-102){ref-type="table"}). In addition there were no differences in biomarkers based on predominant bowel subgroup ([Supplementary Table 2](#s1-jnm-22-102){ref-type="supplementary-material"}).

Efficacy of Comprehensive Self-management Intervention
------------------------------------------------------

In [Table 2](#t2-jnm-22-102){ref-type="table"}, *P*-values for testing CSM versus UC are shown 2 ways: based on ANCOVA separately at 3 and 6 months, and based on linear mixed model analysis which combines data from both outcome time points. We will focus on the combined results here, shown in the next to last column of [Table 2](#t2-jnm-22-102){ref-type="table"}. Mean Abdominal Pain and GI Symptom score decreased more (*P* = 0.010 and *P* \< 0.001, respectively) and QOL improved more (*P* = 0.022) in the CSM intervention group than in the UC group. Most of the secondary outcomes also showed CSM having significantly greater improvement than UC, with particularly strong effects for CSFBD and the daily intestinal gas/bloating scale. As an alternative to mean change as a measure of treatment effect, [Supplementary Table 3](#s1-jnm-22-102){ref-type="supplementary-material"} shows the percent of participants (responders) who had at least 50% improvement in each of the symptoms and symptom scores.

The last column in [Table 2](#t2-jnm-22-102){ref-type="table"} shows the p-value for testing the interaction between treatment assignment and the baseline value of the outcome variable. This interaction is significant at *P* \< 0.05 for all of the measures based on diary symptoms, meaning that people with higher levels of symptoms at baseline obtain more benefit from CSM than those with low baseline symptoms.

Biomarkers Predict Efficacy
---------------------------

[Table 3](#t3-jnm-22-102){ref-type="table"} shows results from testing whether baseline biomarker subgroups predict treatment effect of CSM for the three primary outcome measures. Results for secondary outcomes are given in [Supplementary Table 3](#s1-jnm-22-102){ref-type="supplementary-material"}. The interaction beta measures the magnitude of this interaction effect. For example, the first row in [Table 3](#t3-jnm-22-102){ref-type="table"} is for HRV as measured by HF as a biomarker and abdominal pain as the outcome. The coefficient of −19.1 means that among those with higher HF, the treatment effect of CSM, defined as mean change in abdominal pain for CSM minus mean change for UC, is 19.1 points lower than for those with lower HF. This negative coefficient indicates that participants with low HF benefit less from the CSM intervention than do people with higher HF (*P* = 0.015). The strongest results in [Table 3](#t3-jnm-22-102){ref-type="table"} are for HF and LF/HF, as measures of HRV, with Abdominal Pain and GI Symptom score as outcomes. For example among participants with high (top third) LF/HF ratio, there is no evidence that CSM is better than UC. But among those in the lower two thirds of LF/HF there is strong evidence that CSM is better than UC.

Although there was only a trend in the results for salivary cortisol (*P* = 0.063; [Table 3](#t3-jnm-22-102){ref-type="table"}) the beta values are consistent with the HRV results, namely that the treatment effect is weaker among those with higher cortisol. In addition, those with higher cortisol levels showed less CSM effect on psychological distress (*P* = 0.014; [Supplementary Table 4](#s2-jnm-22-102){ref-type="supplementary-material"}). IL-10 shows a similar non-significant pattern (*P* = 0.085) with CSM efficacy being higher in those with higher IL-10. The lactulose/mannitol ratio levels did not predict who would benefit from CSM relative to UC.

Discussion
==========

As previously demonstrated in separate samples,[@b15-jnm-22-102],[@b16-jnm-22-102] the nurse-delivered 8-session CSM intervention is more effective than UC in reducing abdominal pain, GI Symptom score and enhancing QOL (primary outcomes) as well as reducing most other GI symptoms (bloating/gas, constipation and urgency), negative cognitive beliefs about IBS, IBS interference with activities, and psychological distress (secondary outcomes). By including measures of ANS balance, IL-10, and permeability, the current results extend our prior work as well as others who have demonstrated positive outcomes following cognitively-focused behavioral therapies. Contrary to our original hypothesis, IBS participants with lower nighttime vagal modulation and higher sympathovagal balance had less benefit from CSM on the primary outcome of abdominal pain. In addition we found that there was a trend for less benefit from CSM among those with higher salivary cortisol levels and a weak trend for more benefit from CSM among those with higher production of IL-10 by unstimulated PBMCs. In contrast, the lactulose/mannitol ratio did not predict benefit from CSM. As shown by others, baseline symptom severity interacts with treatment; namely the benefit of CSM is greater in those with higher baseline symptoms.

Ours is the first study to suggest that HRV may be related to the likelihood of not benefitting (no change in abdominal pain and GI Symptom score) from cognitively-focused behavioral therapies. It has been suggested that low HRV-HF and high HRV-LF/HF ratio are indicative of an inflexible ANS, which places the individual at risk for poor health.[@b26-jnm-22-102],[@b27-jnm-22-102] Higher night-time sympathovagal balance and perhaps heightened HPA activation may reflect a reduced capacity to develop and retain new strategies (relaxation, cognitive restructuring) for symptom management and as such, may signify those individuals less likely to benefit from CSM.[@b27-jnm-22-102] Consistent with this hypothesis we found some evidence that IBS patients with higher levels of salivary cortisol were less likely to benefit from CSM on the primary outcome measure of abdominal pain and two secondary outcomes, ie, psychological distress and CSFBD.

We observed a weak trend of higher IL-10 production by un-stimulated PBMCs being associated with increased responsiveness to CSM. IL-10 is an anti-inflammatory cytokine and contributes to the modulation of a pro-inflammatory response as well as pain sensitivity.[@b11-jnm-22-102],[@b28-jnm-22-102],[@b29-jnm-22-102] However, the role of anti-inflammatory cytokines in IBS remains controversial. In a recent systematic review and meta analyses of 6 studies, Bashashati et al[@b30-jnm-22-102] did not find serum IL-10 level differences between IBS and healthy controls.

Contrary to our hypotheses, intestinal lactulose/mannitol ratio levels were not associated with improvements in the primary or secondary outcomes. Combined these analyses suggest that even those who may have evidence of intestinal barrier dysfunction and inflammation improve with the cognitively-focused behavioral intervention.

Those participants with low symptom severity at baseline were unlikely to decrease that symptom, regardless of treatment group. This finding may reflect the presence of a "floor" effect, that is, when symptom severity/frequency was low at baseline there was little room for improvement. IBS is a heterogeneous condition, not only because of different bowel pattern predominance (the majority in the current study were diarrhea predominant or mixed), but also with regard to symptom severity and frequency.[@b31-jnm-22-102],[@b32-jnm-22-102] An eligibility criterion for enrollment was abdominal pain/discomfort ("mild" to "severe") at least 2 days per week during the baseline assessment. While all participants met this criterion in terms of pain frequency, for some participants the abdominal pain/discomfort severity was often rated as "mild." Other symptoms such as bloating were not included in the eligibility criteria and hence some participants with low frequency of those symptoms were included in the study.

There are several limitations of the current study. First, the modest sample size means power for detecting interaction effects is low unless the effect is quite strong. While some biomarkers show strong interactions that are significant, others show weaker effects that are not significantly different from zero but the wide confidence interval means that the data are consistent with a moderately large effect. Second, race varied by treatment group. However, a post-hoc analyses of both primary and secondary outcomes while controlling for race failed to alter the conclusions. Third, the CSM intervention is multi-component, thus it is not possible to discriminate which element(s) were most likely to produce the overall positive benefit of the treatment. Fourth, because this was a behavioral intervention trial it was not possible to "blind" participants to the treatment they were receiving. Finally, multiple comparisons were made and thus, the findings should be interpreted with caution.

In summary, our results add to the growing body of literature that supports the incorporation of cognitively-focused therapy for IBS symptom management. Unfortunately, CSM is not readily accessible to everybody despite its demonstrated effectiveness. The current study extends our understanding of the characteristics of those individuals who are less likely to benefit from CSM. Further research into the clinical utility of using measures of ANS to identify those individuals with high potential for benefitting from cognitively-focused therapies may be warranted. This could eventually help clinicians focus behavioral therapies for IBS to those most likely to benefit.

Supplementary Data
==================

Note: To access the [supplementary tables](#s1-jnm-22-102){ref-type="supplementary-material"} mentioned in this article, visit the online version of *Journal of Neurogastroenterology and Motility* at <http://www.jnmjournal.org/>, and at <http://dx.doi.org/10.5056/jnm15067>.

###### 

Interaction of Intervention Group (Comprehensive Self-management Versus Usual Care) with Baseline Biomarkers for All Outcome Variables

  Outcomes                              Interaction beta (CI)[a](#tfn11-jnm-22-102){ref-type="table-fn"}   *P*-value[b](#tfn12-jnm-22-102){ref-type="table-fn"}
  ------------------------------------- ------------------------------------------------------------------ ------------------------------------------------------
  HRV-HF (n = 29/56)                                                                                       
   CSFBD                                −0.7 (−1.4, 0.0)                                                   0.055
   IBS interference with activities     −6.2 (−28.1, 15.7)                                                 0.574
   Bloating/gas                         −11.2 (−23.9, 1.6)                                                 0.084
   Psychological distress               −2.6 (−11.8, 6.7)                                                  0.582
   Constipation                         3.1 (−8.0, 14.2)                                                   0.584
   Diarrhea                             −9.5 (−19.7, 0.8)                                                  0.070
   Urgency                              −8.0 (−17.8, 1.7)                                                  0.103
  HRV-LF/HF ratio (n = 57/28)                                                                              
   CSFBD                                0.3 (−0.4, 1.0)                                                    0.441
   IBS interference with activities     13.2 (−8.5, 34.8)                                                  0.230
   Psychological distress               5.6 (−3.4, 14.7)                                                   0.219
   Bloating/gas                         15.0 (2.4, 27.7)                                                   0.021
   Constipation                         −3.1 (−14.1, 7.9)                                                  0.577
   Diarrhea                             6.2 (−4.1, 16.4)                                                   0.235
   Urgency                              7.4 (−2.6, 17.4)                                                   0.145
  Salivary Cortisol (n = 50/24)                                                                            
   CSFBD                                −0.8 (−1.6, 0.0)                                                   0.057
   IBS interference with activities     12.5 (−12.8, 37.7)                                                 0.328
   Psychological distress               12.3 (2.6, 22.0)                                                   0.014
   Bloating/gas                         11.5 (−3.1, 26.2)                                                  0.119
   Constipation                         2.2 (−10.8, 15.3)                                                  0.734
   Diarrhea                             2.0 (−10.2, 14.2)                                                  0.740
   Urgency                              1.3 (−10.6, 13.2)                                                  0.831
  IL-10 (n = 60/20)                                                                                        
   CSFBD                                0.2 (−0.7,0 1.0)                                                   0.703
   IBS interference with activities     19.4 (−6.8, 45.7)                                                  0.145
   Psychological distress               −6.6 (−16.4, 3.3)                                                  0.106
   Bloating/gas                         −0.5 (−15.6, 14.6)                                                 0.944
   Constipation                         6.9 (−5.7, 19.6)                                                   0.278
   Diarrhea                             11.8 (−0.1, 23.7)                                                  0.052
   Urgency                              5.3 (−6.4, 16.9)                                                   0.369
  Intestinal permeability (n = 54/21)                                                                      
   CSFBD                                0.2 (−0.6, 1.1)                                                    0.567
   IBS interference with activities     8.6 (−18.4, 35.6)                                                  0.527
   Psychological distress               −2.1 (−12.0, 7.7)                                                  0.773
   Bloating/gas                         −3.0 (−18.0, 12.1)                                                 0.692
   Constipation                         1.2 (−11.3, 13.6)                                                  0.851
   Diarrhea                             −0.2 (−12.3, 12.0)                                                 0.978
   Urgency                              −4.8 (−15.9, 6.4)                                                  0.397

Controlled for the interaction of intervention group with baseline value of the outcome variable.

*P*-value for the interaction between treatment group and biomarker from a linear mixed model using data from both follow-up times (3 and 6 months) and controlling for baseline of the outcome variables. Analyses for HRV also control for age, gender and body mass index at baseline.

CSFBD, cognitive scale for functional bowel disorders; HRV-HF, heart rate variability-high frequency; HRV-LF/HF, heart rate variability-low frequency/high frequency; IBS, irritable bowel syndrome.

The two N values are the number of participants with lower versus higher biomarker values. Interaction beta measures the extent to which the treatment effect (mean change in comprehensive self-management group minus mean change in usual care group) is stronger in those with higher biomarker versus those with lower bio-marker levels.
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###### 

Baseline Demographics, Clinical Characteristics, and Bio-markers of Participants in the Usual Care and Comprehensive Self-management Groups

  Variable                                                                        UC (n = 44)     CSM (n = 41)
  ------------------------------------------------------------------------------- --------------- ---------------------------------------------------
  Demographics                                                                                    
   Age (mean \[SD\], yr)                                                          37.9 (15.9)     40.5 (14.6)
   Gender (Female, % \[n\])                                                       86 (38)         90 (37)
   Race (White, % \[n\])                                                          65 (28)         90 (34)[a](#tfn1-jnm-22-102){ref-type="table-fn"}
   Married or partnered (% \[n\])                                                 36 (16)         49 (20)
   Education (Bachelors or above, % \[n\])                                        74 (32)         73 (30)
   Income (\> \$60 000/yr, (% \[n\])                                              42 (17)         54 (20)
   Professional job (% \[n\])                                                     31 (13)         45 (18)
  Predominant bowel pattern[b](#tfn2-jnm-22-102){ref-type="table-fn"} (% \[n\])                   
   Un-subtyped                                                                    7 (3)           3 (1)
   Constipation                                                                   12 (5)          16 (6)
   Diarrhea                                                                       31 (13)         37 (14)
   Mixed                                                                          50 (21)         45 (17)
  Biomarkers (mean \[SD\])                                                                        
   High frequency                                                                 727.1 (800.9)   614.6 (887.5)
   Low frequency/high frequency                                                   3.86 (2.22)     4.51 (2.41)
   Lactulose/mannitol ratio                                                       0.011 (0.006)   0.011 (0.009)
   Cortisol                                                                       0.33 (0.14)     0.32 (0.15)
   IL-10 production                                                               162.9 (196.0)   197.1 (224.1)

*P* = 0.017.

Based on Rome III definition.

UC, usual care; CSM, comprehensive self-management.

###### 

Baseline and Change Scores on the Primary and Secondary Outcome Variables by Usual Care or Comprehensive Self-management

                                      Mean (SD)     Mean (SD) Change from Baseline   *P*-values[c](#tfn6-jnm-22-102){ref-type="table-fn"}                                  
  ----------------------------------- ------------- -------------------------------- ------------------------------------------------------ ------------------- ---------- ----------
  Primary outcomes                                                                                                                                                         
   Abdominal pain/discomfort                                                                                                                                               
    UC                                37.2 (24.7)   −11.1 (21.9)                     −7.4 (22.1)                                            0.070/0.002         0.010      0.046
    CSM                               38.8 (28.5)   −20.9 (25.2)                     −22.4 (25.8)                                                                          
   IBS Symptom score                                                                                                                                                       
    UC                                62.8 (25.2)   −10.0 (21.5)                     −11.5 (20.5)                                           \< 0.001/\< 0.001   \< 0.001   0.007
    CSM                               65.2 (30.4)   −30.4 (25.5)                     −34.2 (28.5)                                                                          
   Quality of life                                                                                                                                                         
    UC                                71.0 (14.9)   4.7 (11.6)                       5.1 (11.5)                                             0.030/0.051         0.022      0.299
    CSM                               69.6 (13.5)   10.8 (13.1)                      11.4 (15.3)                                                                           
  Secondary outcomes                                                                                                                                                       
   CSFBD                                                                                                                                                                   
    UC                                4.5 (0.95)    −0.39 (0.69)                     −0.8 (0.87)                                            \< 0.001/\< 0.001   0.002      0.069
    CSM                               4.6 (1.0)     −0.85 (1.0)                      −1.1 (1.0)                                                                            
   IBS interference with activities                                                                                                                                        
    UC                                36.9 (28.3)   −3.5 (25.2)                      −2.4 (23.9)                                            0.041/0.004         0.007      0.226
    CSM                               49.1 (30.2)   −19.2 (27.9)                     −21.8 (28.9)                                                                          
   Psychological distress                                                                                                                                                  
    UC                                11.3 (12.8)   0.94 (11.7)                      1.7 (12.7)                                             0.046/0.007         0.016      0.002
    CSM                               11.8 (9.7)    −3.7 (7.9)                       −5.3 (9.6).                                                                           
   Bloating/gas                                                                                                                                                            
    UC                                33.1 (25.7)   −8.8 (16.0)                      −9.3 (19.3)                                            0.001/0.001         \< 0.001   \< 0.001
    CSM                               36.6 (26.7)   −23.5 (23.4)                     −23.9 (23.3)                                                                          
   Constipation                                                                                                                                                            
    UC                                17.4 (21.5)   −3.8 (20.0)                      −5.6 (19.2)                                            0.012/0.025         0.011      0.025
    CSM                               21.5 (22.8)   −15.0 (18.7)                     −15.0 (21.2)                                                                          
   Diarrhea                                                                                                                                                                
    UC                                12.1 (13.9)   −1.3 (11.4)                      −0.19 (14.8)                                           0.187/0.074         0.113      0.030
    CSM                               18.0 (24.9)   −9.2 (21.4)                      −9.8 (22.2)                                                                           
   Urgency                                                                                                                                                                 
    UC                                14.4 (19.6)   0.61 (17.4)                      2.6 (8.7)                                              0.017/\< 0.001      \< 0.001   \< 0.001
    CSM                               21.0 (28.2)   −12.8 (23.9)                     −15.2 (25.8)                                                                          

The first column of *P*-values are based on ANCOVA, controlling for baseline value of the outcome variable, for testing whether the mean outcome differs between the CSM and UC at 3 and 6 months post randomization, respectively.

The second column of *P*-values are based on linear mixed model, controlling for baseline value of the outcome variable, for testing whether the mean outcome differs between CSM and UC across both follow-up times.

The third column of *P*-values are from a linear mixed model which also includes the interaction between treatment group and baseline value of the outcome variable. UC, usual care; CSM, comprehensive self-management; IBS, irritable bowel syndrome; CSFBD, cognitive scale for functional bowel disorders.

Other outcomes are based on a 4-week daily diary. IBS Symptom score is defined as the percent of days that at least one IBS symptom (abdominal pain/discomfort, abdominal distension, bloating, intestinal gas, constipation, diarrhea, and urgency) is present with moderate or worse severity. Each individual IBS symptom is summarized for each person as the percent of days that the symptom is present with moderate or worse severity. The Bloating/Gas scale was made by combining abdominal distension, bloating, intestinal gas and passing gas/flatulence; The Psychological Distress scale was made by combining anxiety, anger, decreased desire to talk or move, depressed/sad or blue, panic feelings, and stressed; and IBS interference with activities is summarized as the percent of days that IBS interferes with daily activities other than work.

###### 

Interaction of Intervention Group (Comprehensive Self-management Versus Usual Care) with Baseline Biomarkers for Primary Outcome Variables

  Outcomes                              Interaction beta (CI)[a](#tfn8-jnm-22-102){ref-type="table-fn"}   *P*-value[b](#tfn9-jnm-22-102){ref-type="table-fn"}
  ------------------------------------- ----------------------------------------------------------------- -----------------------------------------------------
  HRV-HF (n = 29/56)                                                                                      
   Abdominal pain/discomfort            −19.1 (−34.3, −3.9)                                               0.015
   GI Symptom score                     −12.0 (−30.3, 6.2)                                                0.192
   Quality of life                      8.5 (−1.4, 18.4)                                                  0.092
  HRV-LF/HF ratio (n = 57/28)                                                                             
   Abdominal pain/discomfort            28.5 (14.0, 43.1)                                                 \< 0.001
   GI Symptom score                     19.6 (1.9, 37.3)                                                  0.030
   Quality of life                      −6.0 (−16.1, 4.1)                                                 0.243
  Salivary cortisol (n = 50/24)                                                                           
   Abdominal pain/discomfort            16.4 (−0.9, 33.7)                                                 0.063
   GI Symptom score                     8.0 (−12.4, 28.4)                                                 0.438
   Quality of life                      6.1 (−4.9, 17.2)                                                  0.271
  IL-10 (n = 60/20)                                                                                       
   Abdominal pain/discomfort            −9.7 (−27.8, 8.5)                                                 0.291
   GI Symptom score                     −0.3 (−21.1, 21.8)                                                0.975
   Quality of life                      −0.9 (−13.7, 11.9)                                                0.893
  Intestinal permeability (n = 54/21)                                                                     
   Abdominal pain/discomfort            2.4 (−16.0, 20.1)                                                 0.815
   GI Symptom score                     −0.8 (−21.4, 19.8)                                                0.941
   Quality of life                      −4.7 (−16.7, 7.3)                                                 0.439

Controlled for the interaction of intervention group with baseline value of the outcome variable. The 2 N values are the number of participants with lower versus higher biomarker values. Interaction beta measures the extent to which the treatment effect (mean change in comprehensive self-management group minus mean change in usual care group) is stronger in those with higher bio-marker versus those with lower biomarker.

*P*-value for the interaction between treatment group and biomarker, from a linear mixed model using data from both follow-up times and controlling for baseline of the outcome variable and for the interaction of intervention group with baseline value of the outcome variable. Analyses for HRV also control for age, gender, and body mass index.

HRV-HF, heart rate variability-high frequency; HRV-LF/HF, heart rate variability-low frequency/high frequency; GI, gastrointestinal; IL-10, interleu-kin-10.
